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(54) System for discriminating optical discs 

(57) A laser beam is focused at positions on an opti- 
cal axis of the optical pickup (22) by a focusing device 
(29) for disaiminating discs which are different in thick- 
ness. The focusing device (29, 30) is moved along the 
optical axis. A photodetector is provided for receiving a 
laser beam reflected from the disc and for producing a 

FIG.l 


focus error signal. A detector is provided for detecting 
the difference between the focus error signals, caused 
by the difference in thickness of the discs and the differ- 
ence in focal point of the laser beam, thereby discrimi- 
nating the kind of the disc. 
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Description 

BACKGROUND OF THE INVENTION 

The present Invention relates to an optical disc dis- 
criminating system in an optical disc player for discrimi- 
nating various kinds of optical discs such as CD and 
DVD (Digital Video Disc or Digital Versatile Disc). 

A compatible single optical disc player which is 
capable of reproducing a CD (compact disc) and a LD 
(laser disc) has been popular. Since the thickness of the 
CD and the LD from the rear surface to the recording 
surface is the same (1.2 mm), it is possible to use an 
optical pickup in which a laser beam is focused on a 
focal point for reproducing both of the CD and the LD. 

In order to discriminate the kind of the disc mounted 
on the player, the diameter of the disc is detected for 
discriminating the CD or the video disc. 

Recently, the DVD having a high recording density 
has been developed. Although the thickness of the CD 
from the surface to the recording surface is 1 .2 mm, the 
thickness of the DVD is about 0.6 mm. However, the 
principle of a reading system of recording pits of the 
DVD is the same as that of the CD. Therefore, a compat- 
ible single optical disc player which is capable of repro- 
ducing the CD and the DVD has greatly been proposed. 

In such a compatible CD/DVD player, in order to 
properiy focus the beam for reading the information on 
the recording surface of the disc, two types of lenses are 
provided, each having a focal length suitable for a thick- 
ness of a corresponding disc. As another type of the 
compatible CD/DVD player, a double focus lens using a 
hologram element is provided. 

Fig. 8a shows an optical pickup having a double 
focus lens using a hologram element (diffraction grat- 
ing). 

The double focus lens comprises a diffraction grat- 
ing 13, an objective lens 11 disposed on the same opti- 
cal path, and a collimator lens 14. A beam of light is 
paralleled by the collimator lens 14 and divided into 
three spectral beams of 0 order spectrum (having a 90 
diffraction angle) and ±1 order spectrum by the diffrac- 
tion grating 13 (-1 order spectrum is not shown). Since 
focal lengths of the 0 order spectrum and the +1 order 
spectrum are different from each other, each of the 0 
order spectrum (hereinafter called zero-order spectrum) 
and the +1 order spectrum (hereinafter called first-order 
spectrum) is focused on a different position of the same 
line. 

Concretely, the zero-order spectrum is properly 
focused on the recording surface of the DVD, while the 
first-order spectrum is properly focused on the record- 
ing surface of the CD. 

In operation, when the pickup is gradually moved 
away from the disc, the recording surface is irradiated 
with the zero-order spectrum first. A four-divided photo- 
detector provided in the pickup (not shown) produces an 
S-shaped signal as a focus error signal. When the 
pickup is further moved away, the first-order spectrum 
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reflected from the disc passes an optical path of the 
zero-order spectrum, thereby forming a pseudo spec- 
trum. Thus, a pseudo S-shaped signal of the pseudo 
spectrum is produced. Finally, an S-shaped signal of the 

5 first-order spectrum is produced as a focus error signal. 
Fig. 8b shows S shaped signals of the correspond- 
ing zero-order spectrum, pseudo spectrum, and first- 
order spectrum with respect to the movements of the 
double focus lens of Fig. 8a. The spectral ratio of the 

10 zero -order spectrum and the first-order spectrum is set 
to 1:1. 

As aforementioned, the zero-order spectrum 
achieves the optimum focus on the DVD. while the first- 
order spectrum achieves the optimum focus on the CD. 
15 If the amount of the S-shaped signal by the zero-order 
spectrum on the DVD is 100%. the amount of the signal 
corresponding to the CD is small, less than 100%. Sim- 
ilarly, if the amount of the S-shaped signal by the first- 
order spectrum on the CD is 100%. the amount of the 
20 signal con^esponding to the DVD is small, less than 
100%. Thus, in the double focus lens, the amplitudes of 
the respective focus error signals are different from 
each other. The ratio of zero-order spectrum to first - 
order spectrum of the DVD, namely zero-order spee- 
ds trum / first-order spectrum is larger than the ratio of zero 
-order spectrum to first-order spectrum of the CD. that is 
zero-order spectrum / first-order spectrum. 

In the compatible CD/DVD player, a focus servo 
control system is provided for each disc. In a focus 
30 servo control, the pickup is vertically moved against the 
disc, and a focus error (FE) signal is produced for 
detecting a proper focal point for focusing in. However, 
in the aforementioned player using the double focus 
lens, a plurality of focus error signals (S-shaped signals 
35 by zero-order spectrum, pseudo spectrum and first- 
order spectrum) are obtained. Accordingly, a problem 
that focusing in is achieved by an S-shaped signal 
detected first arises. In other words, there may be occur 
an erroneous focusing by an improper spectrum. 

40 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
optical disc discriminating system for an optical disc 

45 player which may properly discriminate a CD and a 
DVD. and select an optimum S-shaped signal in a focus 
error signal for focusing in. 

According to the present invention, there is pro- 
vided a system for discriminating various kinds of opti- 

50 cal discs which are different in thickness, in an optical 
disc player having an optical pickup, comprising focus- 
ing means for fbcusirtg a laser beam at positions on an 
optical axis of the optical pickup, the number of the posi- 
tions being corresponded to the number of kinds of the 

55 discs, moving means for moving the focusing means 
along the optical axis, photodetector means for receiv- 
ing a laser beam reflected from the disc and for produc- 
ing a focus error signal, detector means for detecting 
the difference between the focus error signals, caused 
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by the difference in thickness of the discs and the differ- 
ence in focal point of the laser beam, and for discrimi- 
nating the kind of the disc. 

The focusing means comprises a diffraction grating 
and an objective lens. s 

The detector means detects the difference in level 
of the focus error signal. 

In another aspect of the invention, the detector 
means detects the difference in timing of production of 
the focus error signal. 

In a further aspect, the detector means detects the 
difference in position of the focusing means when the 
focus error signal is produced. 

These and other objects and features of the present 
invention will become more apparent from the following is 
detailed description with reference to the accompanying 
drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

20 

Fig. 1 is a block diagram showing an optical disc 
discriminating system according to the present 
invention; 

Figs. 2a to 2g are time charts showing signals for 
explaining an operation of the system; 25 
Fig. 3 is a flowchart showing an operation of the 
system; 

Fig. 4 is a block diagram showing an optical disc 
discriminating system employed for second and 
third embodiments of the present invention; 30 
Figs. 5a and 5b are time charts showing signals for 
explaining operations of the second and third 
embodiments; 

Fig. 6 is a flowchart showing an operation of the 
second embodiment; 35 
Fig. 7 is a flowchart showing an operation of the 
third emtxxjiment; and 

Figs. 8a and 8b are diagrams showing the principle 
of the system using a hologram element as double 
focus lens. 4o 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to Fig. 1 showing a system of a CD/DVD 45 
player according to the present invention, an optical disc 
20 to be reproduced is mounted on the player and 
rotated by a spindle motor 21 . An optical pickup 22 has 
a double focus lens which has the same principle as 
Fig. 8a. The pickup 22 emits a laser beam, and pits so 
formed on a recording surface of the disc 20 is irradi- 
ated with the beam for reading information recorded 
with the pits. 

An output signal of the pickup 22 is fed to a focus 
error (FE) producing circuit 23. The FE producing circuit ss 
23 produces a focus error signal. After removing an 
unnecessary signal of a high frequency range from the 
focus error signal, the focus enror signal is applied to a 
peak holding circuit 24. The peak holding circuit 24 


holds the maximum amplitude voltage of the positive 
pole side of the focus error signal as a peak voltage at a 
substantially constant value. The peak holding circuit 24 
applies the peak voltage to a microcomputer 25. 

The microcomputer 25 produces a reset (RST) sig- 
nal which is applied to the peak hokJing circuit 24 for 
resetting the maximum voltage held in the circuit. \/Vhen 
a next focus error signal is applied to the peak holding 
circuit 24, a maximum amplitude voltage of the positive 
pole skie of the next focus error signal is held as the 
maximum voltage. 

The output signal from the pickup 22 is further 
applied to an RFOK producing circuit 37. The RFOK 
producing circuit 37 receives an added signal of a four- 
divided photodetector. When the added focus signal 
exceeds a predetermined threshold value, the RFOK 
producing circuit 37 produces an RFOK signal which is 
applied to the microcomputer 25. Namely, the produc- 
tion of the RFOK signal means the laser beam is 
located at a position near focused position. 

The focus error signal from the FE producing circuit 
23 is further applied to a focus zero cross (FZC) produc- 
ing pircuit 26. The FZC producing circuit 26 is a zero 
cross comparator comprising an operational amplifier 
and produces a focus zero cross detecting signal in the 
form of pulses. The production of the FZC signal means 
that the spectrum is focused. The FZC signal is applied 
to the microcomputer 25. 

The focus error signal from the FE producing circuit 
23 is also applied to a fixed contact of a loop switch 27. 
The loop switch 27 is operated by an FE shunt signal 
from the microcomputer 25. 

A movable contact of the loop switch 27 is con- 
nected to a focus servo control circuit 28 which is con- 
nected to the microcomputer 25. The focus servo 
control circuit 28 is further connected to a focus servo 
coil drive circuit 29 which is connected to an actuator 
coil 30. 

When the loop switch is closed (ON-state). a focus 
servo loop comprising the FE producing circuit 23. 
microcomputer 25, focus servo control circuit 28. focus 
servo coil drive circuit 29 and actuator coil 30 is closed . 
Thus, the focus error signal is applied to the focus servo 
controller 28 for automatically controlling the focus 
servo. 

When the loop switch 27 is opened (OFF-state), the 
microcomputer 25 operates the focus servo coil drive 
circuit 29 to produce the drive voltage for driving the 
actuator coil 30. Thus, the lens in the pickup is moved 
downward and upward at a predetermined speed for 
discriminating the disc. 

The microconputer 25 is further connected to a 
RAM 32. a ROM 33 and a motor drive circuit 31. The 
RAM 32 stores data of signals (time and voltage) 
detected by circuits, and set values obtained by the 
detected signals. The ROM 33 stores data of set values 
necessary for the system. The motor drive circuit 31 
produces a drive signal for driving the spindle motor 21 . 

Rgs. 2a to 2g show time charts of signals for 
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explaining the operation of the system. As aforemen- 
tioned, the double focus lens in the pickup 22 has the 
same principle as Fig. 8a. and the spectral ratio of the 
zero-order spectrum and the first-order spectrum is 1 :1 . 
Thus, when the lens is vertically moved, the relationship 
between the maximum amplitudes of the S-shaped sig- 
nals of zero-order spectrum and first -order spectrum is 
represented as follows. 

(FEDO/FED 1 )>(FEC0/FEC1 ) 

where 

FEDO: maximum amplitude voltage of the S-shaped 

signal of the DVD by the zero-order spectrum 
FED1 : maximum amplitude voltage of the S-shaped 

signal of the DVD by the first-order spectrum 
FECO: maximum amplitude voltage of the S-shaped 

signal of the CD by the zero-order spectrum 
FECI : maximum amplitude voltage of the S-shaped 

signal of the CD by the first-order spectrum 

Fig. 2a shows a focus drive voltage SFD for repre- 
senting a position voltage of the lens. A mark UH is the 
highest position of the lens (the closest position of the 
lens to the optical disc 20), and a mark UL is the lowest 
position of the lens (the farthest position of the lens from 
the disc). 

Figs. 2b and 2c show voltages of the focus error 
signals (FE) having S shape for the CD and the DVD, 
respectively, obtained during the upward and downward 
movements of the lens. A mark TH1 is a threshold of the 
voltage stored in the ROM 33 for detecting the S- 
shaped signal. The TH1 is set at least smaller than the 
maximum amplitude voltages obtained by the zero- 
order spectrum of the CD and DVD. The FZC signal is 
produced by comparing with the TH1 . A mark TH2 is a 
threshold set to a value between the maximum ampli- 
tude voltage of the S-shaped signal of the CD by the 
first-order spectrum FECI and the maximum anplitude 
voltage of the S-shaped signal of the DVD by the first- 
order spectrum FED1 (FEC1>TH2>FED1). The TH2 is 
stored in the ROM 33 or obtained by multiplying the S- 
shaped signal by the zero-order spectrum and a coeffi- 
cient together. In this state, influence of the reflectance 
of the disc is prevented. 

Fig. 2d shows the zero cross detecting pulse signal 
FZC for each of CD and DVD obtained by the FZC pro- 
ducing circuit 26 when the zero cross of the S-shaped 
signal is detected. 

Fig. 2e shows the reset pulse signal RST for each 
of CD and DVD applied from the microcomputer 25. Fig. 
2f shows output signals of the peak voltages from the 
peak holding circuit 24 for CD and DVD. A mark V1 is a 
waveform and a measured point of the maximum ampli- 
tude voltage of the S-shaped signal by the zero-order 
spectrum. A mark V2 is a waveform and a measured 
point of the maximum amplitude voltage of the S- 
shaped signal by the first-order spectrum. 

In Figs. 2e and 2f, marks T1 and T2 are times 
measured by a timer provided in the microcomputer 25. 
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As shown in Rg, 2e, the time T1 represents the time 
when the peak voltage is reset after the peak voltage of 
the zero-order spectrum is measured by the FZC 
formed by the S-shaped signal of the zero-order spec- 

5 trum. For example, if the pseudo S-shaped signal is 
large, and if the time is set to the middle between the 
pseudo spectrum and the first-order spectrum after the 
peak voltage is measured to pass the pseudo S-shaped 
signal, the pseudo S-shaped signal is masked. The time 

10 T2 represents the time passing the first-order spectrum 
from the FZC and measuring the peak voltage of first - 
order spectrum, or the time until the lens reaches the 
lowest position UL. 

Fig. 2g shows the RFOK signal of each of CD and 

15 DVD. which will be described hereinafter. 

The operation of the system will be described with 
reference to the f bwchart of Fig. 3. 

At a step S1 , the optical disc 20 is loaded on the 
disc player. At a step 82. the loop switch 27 is opened 

20 (OFF-state). and the double focus lens in the pickup 22 
is moved up to the highest position UH. At a step S3, the 
peak voltage is reset, and the lens is moved down from 
the highest position UH to the lowest position UL at a 
predetermined set speed. During the downward move- 

25 ment of the lens, the pickup 22 produces the focus en^or 
signal. 

At a step S4, the maximum voltage of the FE of the 
S-shaped signal is monitored by the FZC signal if the 
FE exceeds the threshoW TH1. When FE^THI, the 

30 timer is set at a step S5. At a step S6, the peak voltage 
of the positive pole side of the S-shaped signal obtained 
first by the peak holding circuit 24 for a predetermined 
time is stored in the RAM 32 as the peak voltage V1 . At 
a step S7. a time T measured by the timer is compared 

35 with the set time T1 stored in the ROM 33. If T^TI . the 
microcomputer 25 applies the reset signal RST to the 
peak holding circuit 24 for discharging the peak voltage 
V1 heM therein to be zero at a step S8. If not at the step 
S7, the timer is set until TsTI is obtained. 

40 At a step S9, the measured time T is compared with 
the set time T2 stored in the ROM 33. If T^T2, when the 
timer counts the time T2 at a step S10. the peak voltage 
held in the peak holding circuit 24 is stored in the RAM 
32 as the peak voltage V2. AT a step 1 1 . the peak volt- 

45 age V2 is compared with the threshold TH2 stored in the 
ROM 33. If V2^TH2. it is determined that the disc 20 is 
CD at a step S13. tf not. it is determined that the disc 20 
is DVD at a step S1 2. 

At a step S14. the position of the lens is monitored 

50 until SFD^UL When SFD^UU the timer is reset at a 
step 815. At a step 816. the lens is moved up. At a step 
817, the position of the lens is monitored until SFD^UH. 
When SFD^UH, the lens is moved down at a step S18. 
At a step S1 9, the S-shaped signal obtained first is mon- 

55 itored by the FZC until the FE exceeds the threshold 
TH1 . When FE^THI . and when it is determined that the 
disc determined at the step 11 is CD at a step S20, the 
timer is set at a step 821 . If the disc is DVD at the step 
820. the program goes to a step 823. 
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At a step S22, the measured time T is monitored 
until T^T1 . When T^TI . the microcomputer 25 is oper- 
ated to dose the loop switch 27 at the step 823. At a 
step S24. when the zero cross signal FZC is produced, 
it is determined that the laser beam is focused. At a step 
S25. a series operation for disc discrimination is termi- 
nated. 

In the step S1 1 , although the disc is discriminated 
by V2^TH2, there is another method for discriminating 
the disc. 

As aforementioned, since 

(FEC0/FEC1)<(FED0/FED1). the disc may be discrimi- 
nated by the peak voltages VI and V2 of the peak hold- 
ing circuit 24. If a certain value p is set to 
(FEC0/FEC1)<p<(FED0/FED1). and the disc is discrim- 
inated with the value p. the disc can be discriminated 
without influenced by the reflectance of the disc. 

Namely, as shown in Fig. 2f, if the peak voltage of 
the S-shaped signal by the zero-order spectrum is VI 
and the peak voltage of the S-shaped signal by the first 
-order spectrum is V2, it is determined whether 
V2Xp>V1 at the step S1 1 . When V2Xp>V1 , it is deter- 
mined the disc is CD at the step S13. If not, it is deter- 
mined the disc is DVD at the step S12. 

Fig. 2g shows the RFOK signal of each of CD and 
DVD. 

In the emtxxJiment, timings for starting the meas- 
urement of times T1 and T2 may be determined by the 
RFOK signals, not the FZC of the zero-order spectrum. 
Furthermore, it is possible to determine the timings 
when the peak voltage output exceeds the TH1 . 

The lens may be moved from the lowest position to 
the highest position. In this method, although the S - 
shaped signal becomes the order of first-order spec- 
trum, pseudo spectrum and zero-order spectrum, it is 
possible to discriminate the disc in the same manner. 

In the above described embodiment, it is possible 
that when the maximum voltage V2 is detected, it is 
determined that the lens is positioned at the lowermost 
position, or may be moved to the uppermost position. 

Although the timing for resetting the focus is set to 
the middle between the pseudo S-shaped signal and 
the S-shaped signal by the first-order spectrum, it is 
possible to reset after the V1 is measured if the pseudo 
S-shaped signal is small. 

In order to prevent the influence of the recording 
surface of the disc, the disc may be rotated at a prede- 
termined speed at the step 82. 

Fig. 4 shows a system employed for second and 
third errdxxJiments. In the system, an equalizer (EQ) 34 
for correcting the drive voltage applied to the actuator 
coil 30, and a comparator 36 having a reference voltage 
source 35 as a reference voltage for detecting voltage 
are provided, and the peak holding circuit 24 of the first 
emlxxliment is omitted. Other structures are the same 
as those of the first emtxxJiment. and the same parts 
are identified with the reference numerals as Fig. 1 , and 
the descriptions thereof are omitted. 

The EG 34 is operated for linearly holding a rela- 


tionship between the drive voltage of the actuator coil 
30 and the position of the lens. An output voltage of the 
EQ 34 is applied to an input terminal of the comparator 
36 and the other input terminal is connected to the ref- 
5 erence voltage source 35. 

Rgs. 5a and 5b show signals for operating the sys- 
tem for second and third embodiments. A mark FD is a 
focus drive voltage of the drive voltage of the actuator 
coil 30 converted by the EQ 34. The FD is linearly 
10 changed with respect to the position voltage SFD. 

In Fig. 5a. if the lens is further lowered from the 
position where the reference voltage E is obtained, 
times when the S-shaped signals are produced first by 
the pickup 22 by the respective DVD and CD are differ- 
15 ent from each other. Therefore, a mark TD1 is a detect- 
ing time of the DVD and a mark TCI is a detecting time 
of the CD. The detecting times TD1 and TC1 are stored 
in the ROM 33 as set values. 

In Fig. 5b. the FD produced at the detecting time 
20 TD1 or TCI is stored in the ROM 33 as a set value. 
Marks El and E2 are voltages thereof. 

The operation of the system of the second embodi- 
ment will be described with reference to Fig. 6. 

At a step 81, the disc 20 is loaded on the disc 
25 player. At a step S2, the lens is moved up to the highest 
position UH. At a step S3, the lens is moved down from 
the highest position UH to the lowest position UL at a 
predetermined set speed. 

At a step S4. the FD is monitored, and when FD^E. 
30 the timer is set at a step S5. At a step S6. an S -shaped 
signal detected first is monitored by the FZC. When 
EF^THI , the timer is stopped at a step 87. At a step S8, 
the time during the timer is set is stored in the RAM 32. 
At a step S9, the time T is compared to the set time TD1 
35 stored in the ROM 33. The time T is set to TCI <T<TD1 . 
If T^TD1 . it is determined that the disc is DVD at a step 
810. If not. it is determined that the disc is CD at a step 
811. 

Programs in steps 812 to 823 are the same as 
40 those in the steps 814 to 825 of Fig. 3 of the first 
embodiment Thus, the descriptions thereof are omit- 
ted. 

The operation of the system of the third embodi- 
ment will be described with reference to Fig. 7. 

45 At a step 81. the disc 20 is loaded on the disc 
player. At a step 82. the lens is moved up to the highest 
position UH. At a step S3, the lens is moved down from 
the highest position UH to the lowest position UL at a 
predetermined set speed. At a step 84. the 8 -shaped 

50 signal obtained first is monitored by the FZC until the FE 
exceeds the threshold TH1. When FE^THI. the FD is 
stored in the RAM 32 at a step 85. 

At a step 86. the FD (El or E2) stored in the RAM 
32 is compared with a reference voltage EO stored in the 

55 ROM 33. The reference voltage EO is set to the value to 
meet E1<E0<E2. When EO^EI. it is determined that 
the disc is CD at a step 87. If not. it is determined that 
the disc is DVD at a step 88. 

Programs in steps 89 to 820 are the same as those 
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in the steps S1 4 to S25 of Fig. 3 of the first embodiment. 
Thus, the descriptions thereof are omitted. 

In the second and third embodiments, the FZC of 
the zeroorder spectrum for monitoring the programs 
may be effective by the RFOK signal shown in Fig. 2g of s 
the first embodiment or by the peak voltage output 2. 
exceeds the TH1. 

As aforementioned, the tens may be moved from 
the lowest position to the highest position. 

The EQ 34 is provided for removing noises of the io 3. 
high frequency range of the focus drive signal. If there is 
no noises, the EQ 34 may be omitted. 

In order to prevent influences of inclination and 
vibration of the disc, the disc may be rotated at a prede- 4. 
termined speed at the step S2. is 

In accordance with the present invention, in the first 
embodiment, the objective lens for focusing the beam 
on the disc is moved from the predetermined position, 
thereby obtain the focus error signal. When the first 5. 
focus error signal appears, the time is measured. When 20 
the time becomes the predetermined time, the level of 
the focus error signal at the predetermined time is com- 
pared with a set reference level. Thus, it is possible to 
discriminate CD and DVD, and to focus in the proper S- 
shaped signal in accordance with the level of the focus 25 
error signal and the measured time. 

Furthermore, in the second and third embodiments, 
when the first focus error signal appears, the focus drive 
voltage is detected. The detected focus drive voltage is 
compared with the reference voltage and the time for 30 
detecting the voltage is compared with a reference time. 
Thus, ft is possible to discriminate CD and DVD, and to 
focus in the proper S-shaped signal in accordance with 
the focus drive voltage and the measured time. 

While the invention has been described in conjunc- 3S 
tion with preferred specific embodiment thereof, it will be 
understood that this description is intended to illustrate 
and not limit the scope of the invention, which is defined 
by the following claims. 

40 

Claims 

1. A system for discriminating at least two optical 
discs which are different in thickness, in an optical 
disc player having an optical pickup (22) compris- 45 
ing: 

focusing means (28, 29) for focusing a laser 
beam at positions on an optical axis of the opti- 
cal pickup (22), the number of the positions so 
being corresponded to the number of different 

discs; 

moving means (30) for moving the focusing 
means along the optical axis; 
photodetector means for receiving a laser ss 
beam reflected from the disc and for producing 
a focus error signal; 

computation means (2) for determining the dif- 
ference between the focus error signals. 


caused by the difference in the thickness of the 
discs and the difference in focal point of the 
laser beam, and for discriminating the kind of 
the disc. 

The system according to claim 1 wherein the focus- 
ing means (28, 29) comprises a diffraction grating 
and an objective lens. 

The system according to claim 1 wherein the com- 
putation means (25) is adapted to determine the 
difference in level of the focus error signal. 

The system according to claim 1 wherein the com- 
putation means (25) is adapted to determine the 
difference in timing of production of the focus error 
signal. 

The system according to claim 1 wherein the com- 
putation means is adapted to determine the differ- 
ence in position of the focusing means when the 
focus error signal is produced. 


6 


EP 0 813 192 A1 


CD 

U- 



FOCUS SERVO 
CONTROL 
CIRCUIT 

<:7> 

CM 

FOCUS SERVO 
COIL DRIVE 
CIRCUIT 




CSJ 


SFD 


7 


EP0 813192 A1 



8 


EP 0 813 192 A1 


Sl^ ( STAET ) 


SET DISC 


S2- 


I 


MOVE UP LENS 


S3- 


MOVE DOWN LENS 



NO 


SET TIMER 


S6 


STORE PEAK VI 


STORE PEAK V2 



DISCRIMINATE CD 


S14- 


FIG.3 



S12 


1 


S15 


RESET TIMER 
^ 


X 


S16 


MOVE UP LENS 



NO 


MOVE DOWN LENS 



NO 


NO 


SET TIMER 



NO 


CLOSE SWITCH 


824 


FOCUS SERVO ON 
I 


S25 


^ END ; 


DISCRIMINATE DVD 
I 


Sfe^Ul 
YES 


NO 


9 


EP0 813192 A1 



FOCUS SERVO 
CONTROL 
CIRCUIT 

a> 

CO 

SERVO 

DRIVE 

UIT 


FOCUS 
COILl 
CIRC 


i 


10 


EP 0 813 192 A1 


FIG.5 a 



11 


EP 0 813 192 A1 


FIG.5 b 


Sfd 


FD 


FE (CD) 


FE (DVD) 

FZC (CD) 
FZC (DVD) 




1 

^1 

1 1 







12 


EP 0 813 192 A1 


Sl-N C STAET ") 


SET DISC 


S2- 


I 


MOVE UP LENS 


S3- 


I 


MOVE DOWN LENS 



NO 


SET TIMER 



NO 


STOP TIMER 


S8 


2i. 


STORE TIME 



NO 


DISCRIMINATE DVD 


S12 


FIG.6 



MOVE DOWN LENS 


.YES 



NO 


NO 


SET TIMER 



Sll 


S22 


CLOSE SWITCH 
1 


FOCUS SERVO ON 
^ END J 


DISCRIMINATE CD 


J 



RESET TIMER 


S14 


1 


MOVE UP LENS 


13 


EP 0 813 192 


A1 


FIG.7 


SI 


( STAET ) 


SET DISC 


S2- 


I 


MOVE UP LENS 


S3- 


I 


MOVE DOWN LENS 



MEASURE AND STORE 
FD VOLTAGE E 



NO 


DISCRIMINATE CD 


S8 



CLOSE SWITCH 
^ 


S19 


FOCUS SERVO ON 

S20 ^ I " 
^ END J 


DISCRIMINATE DVD 


J 



NO 


RESET TIMER 


Sll 


1. 


MOVE UP LENS 


14 


EP 0 813 192 A1 


FIG.8 a 

RECORDING SURFACE OF DVD OR CD 


+ 1 ORDER 
SPECTRUM 

0 ORDER 
SPECTRUM 


+ 1 ORDER 
SPECTRUM 


0 ORDER 
SPECTRUM 


FOCUS 
ERROR 
SIGNAL 
Sfe- 






L_ 


— 1 









1 


...J 






i 


il 


Jl 


r 


+1 ORDER 
SPECTRUM 


(PSEUDO S SIGNAL) 0 ORDER 

SPECTRUM 


FIG.8 b 


FOCUS 
DRIVE 
SIGNAL 


TIME 


DOWN 


1.2mm 
DISK (CD) 



Sfe 


FOCUS 
ERROR 
SIGNAL 

+ 1 ORDER 
SPECTRUM 

0.6mm 

DISK (DVD) 
Sfe- 

FOCUS 
ERROR 
SIGNAL 


t 


FOCUS OF 0 ORDER 
SPECTRUM 


FEl 


PSEUDO 0 ORDER 
SPECTRUM 



+1 ORDER 
SPECTRUM 


PSEUDO 


0 ORDER 
SPECTRUM 


15 


EP 0 813 192 A1 


European Patent 
Office 


EUROPEAN SEARCH REPORT 


Application Number 

EP 97 10 9403 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Caictsnr 

Ckadon of dociuncnt with indication, where appropriate, 
of relevant passages 

Relevant 
Co daim 

CLASSinCATION OF THE 
APPUCATION (int.CL6) 

X 

PATENT ABSTRACTS OF JAPAN 

vol. 017, no. 366 (P-1571), 9 July 1993 

& JP 05 054406 A (MATSUSHITA ELECTRIC IND 

CO LTD), 5 March 1993, 

* abstract * 

1.4 

G11B7/09 
G11B19/12 

X 

PATENT ABSTRACTS OF JAPAN 

vol. 095, no. 003, 28 April 1995 

& JP 06 333255 A (MATSUSHITA ELECTRIC IND 

CO LTD), 2 December 1994, 

* abstract * 

1 


A 

EP 0 610 055 A (MATSUSHITA ELECTRIC IND CO 
LTD) 10 August 1994 

* column 31, line 26 - column 32, line 42 
* 

* column 61, line 45 - column 64, line 29; 
claims 79-82; figures 4,32,34-36 * 

1-3 


A 

DE 195 35 112 A (NIPPON COLUMBIA) 28 March 
1996 

* abstract; claim 12 * 

EP 0 767 455 A (PIONEER ELECTRONIC CORP) 9 
April 1997 

* column 2, line 49 - column 3, line 14; 
claim 1; figures 4-6 * 

1 




TECHNICAL FIELDS 
SEARCHED (bi<-CI-6) 

P.X 

1-3 

GllB 

P.X 

GB 2 304 226 A (SAMSUNG ELECTRONICS CO 
LTD) 12 March 1997 
* abstract * 

1.4 


P.X 

PATENT ABSTRACTS OF JAPAN 

vol. 097, no. 003, 31 March 1997 

& JP 08 306056 A (SANYO ELECTRIC CO LTD), 

22 November 1996, 

* abstract * 

-/- 

1.4 


The present search report has been drawn up for all daims 




Place ef ft 

THE HAGUE 


Date of cMpldhM of Ue ccarck 

19 September 1997 


Annibal, P 


CATEGORY OF CITED DOCUMENTS 

X : pirticularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non<wriiten disdosnre 
P : intermediate document 


T : theory or principle underlying the ini^tion 
E : earlier patent document, but published on, or 

after the filing date 
D : document dted in the application 
L : document dted for other reasons 


Sk : member of the sane patent family, conesponding 
document 


16 


EP 0 813 192 A1 


J 


European Patent 
Office 


EUROPEAN SEARCH REPORT 


Application Number 

EP 97 10 9403 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevaat 
to claifn 


CLASSIFICATION OF THE 
APPUCATION ant-CL6) 


PATENT ABSTRACTS OF JAPAN 

vol. 097, no. 001 ♦ 31 January 1997 

& JP 08 249801 A (PIONEER ELECTRON CORP), 

27 September 1996. 

* abstract * 

GB 2 309 816 A (SAMSUNG ELECTRONICS CO 
LTD) 6 August 1997 

* claim 1 * 

GB 2 310 311 A (SAMSUNG ELECTRONICS CO 
LTD) 20 August 1997 

* abstract * 


1,5 


1»5 


1.5 


The present search report has been drawn up for aU claims 


TECHNICAL FIELDS 
SEARCHED ant.CI.6) 


Place of ftwck 

THE HAGUE 


IMe of OMiplctlBa eT Ike w»ck 

19 September 1997 


Annibal, P 


CATEGORY OF CITED DOCUMENTS 


X : particularly relevant If taken : 

Y : particulaily relevant if combioed with another 

docomeot of the same category 
A : technological background 
O : oon-wrttten disclosure 
P : intermediate docomeot 


T : theory or principle underlying the bivcntioa 
E : earlier patent document, htit published on, or 

after the filing date 
D : docnncnt dtcd in the application 
L : document died for other reasons 


& : member of the same patent family, corresponding 
document 


17 


To, 


